' DRIVE CIRCUIT OF ACTIVE MATRIX TYPE DISPLAY DEVICE 
AND MANUFACTURING METHOD THEREFOR 

R A r KHU m JNP ™ THF TNVKNTION 
7T~~7 The present invention relates to a drive circuit of an active 
matrU type display device which is composed of thin-film transistors. 
In particular, the invention relates to a drive circuit of an active matrix 
type display device in which source followers are used as analog buffers 
and variations of their characteristics are suppressed. 

The active matrix type display device is a display device in 
which pixels are arranged at intersections of a matrix with every pixel 
associated with a switching element, and image information is controlled 
by turning on/off of the switching elements. This type of display device 
uses, as a display medium, a liquid crystal, plasma, or some other 
material , or state whose optical characteristic (reflectance, refractive 
index, transmittance, luminous intensity, or the like) can be varied 
electrically. In the present invention, specifically a field-effect 
transistor (three-terminal element) having the gate, source and drain is 

used as the switching element. 

In the following description of the invention, a row of a 
matrix means a structure in which a signal line (gate line) that is 
disposed parallel with the row concerned is connected to the gate 
electrodes of transistors of the row concerned. A column means a 
structure in which a signal line (source line) that is disposed parallel 
with the column concerned is connected to the source (or drain) 
electrodes of transistors of the column concerned. A circuit for drivmg 
the gate lines is called a gate drive circuit, and a circuit for driving the 
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source lines is called a source drive circuit. 

In the gate drive circuit, stages of a shift register 
corresponding to the number of gate lines in the vertical direction are 
arranged linearly and interconnected in series to generate signals of 
5 vertical scanning timings of the active matrix type display device. In 
this manner, the thin-film transistors of the active matrix type display 
device are switched by means of the gate drive circuit. 

In the source drive circuit, stages of a shift register 
corresponding to the number of source lines in the horizontal direction 
10 are arranged linearly and interconnected in series to generate horizontal 

0 image data of display image data of the active matrix display device. 

1 Analog switches are turned on/off by latch pulses that are synchronized 
| with horizontal scanning signals. In this manner, currents are supplied 
jfj to the thin-film transistors of the active matrix type display device by 

1 f means of the source drive circuit, to control orientations of liquid crystal 
J3 cells. 

!■* Fig. 9 schematically shows a conventional active matrix type 

3 display device. There are two kinds of polycrystalline silicon thin-film 
^ transistor manufacturing processes: a high-temperature process and a 
20 low-temperature process. In the high-temperature process, 
polycrystalline silicon is deposited on an insulating film that is formed 
on a quartz substrate, and a thermally oxidized Si0 2 is formed as a gate 
insulating film. Thereafter, gate electrodes are formed, N-type or P-type 
ions are implanted, and source and drain electrodes are formed. Thus, 

2 5 polycrystalline silicon thin-film transistors are manufactured. 

In the low-temperature process, silicon is crystallized by two 
kinds of methods: solid-phase growth and laser annealing. In the solid- 
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phase growth, a po.ycrystalline silicon film is obtained by subjecting an 
.amorphous silicon film on an insulating film that is formed on a glass 
substrate to a heat treatment of 600°C and 20 hours, for example. In 
the laser annealing, a polycrystal.ine silicon film is obtained by applying 
laser light to amorphous silicon on a glass substrate surface to thereby 
heat-treat only the film surface portion at a high temperature. 

In general, crystalline films are obtained by using one or 
both of the above two methods. 

An Si0 2 film is then formed as a gate insulating film by 
plasma CVD. Thereafter, gate electrodes are formed. N-type or P-type 
ions are implanted, and source and drain electrodes are formed. Thus, 
polycrystalline silicon thin-film transistors are manufactured. 

The source drive circuit is a circuit for supplying image data 
to an active matrix panel of the active matrix type display device by 
scanning it vertically, and is composed of a shift register, analog 
switches that are thin-film transistors, analog memories that are 
capacitors, and analog buffers formed of thin-film transistors. 

The analog buffer is needed because the analog memory 
cannot directiy drive the thin-film transistors of the active matrix type 
display device due to a large load capacitance of the source line. 

The thin-film transistor of the analog buffer has a source 
follower configuration. As shown in Figs. 6A and 6B, a single thin-film 
transistor is provided for each data holding control signal line, and the 
thin-film transistors are so manufactured as to be arranged at regular 

Fig . 6A shows an example of using N-channel thin-film 
transistors. Alternatively, P-channel thin-film transistors (see Fig. 6b) 
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or both types of transistors may be used. 

The analog buffers that constitute the source drive circuit of 
the conventional active matrix type display device have the following 

problem. 

Each analog buffer has the single thin-film transistor that has 
a source follower configuration. When laser annealing is employed as a 
means for crystallization as described above in the thin-film transistor 
manufacturing process, a silicon film on a glass substrate is irradiated 
with band-like laser light of a width L while being scanned with it in the 
X-axis direction, i.e., horizontally (see Fig. 7A) to crystallize silicon, 
because there exists no such large-diameter laser device as can irradiate 
a large-size substrate at one time. 

When the illumination is effected while the laser light is 
moved in the X-direction at a constant length at a time, there occurs an 
overlap of illumination. Since the width L of the band-like laser light 
does not necessarily coincide with a pitch d (see Pig. 7B) of the source 
follower, the illumination laser light quantity varies depending on the 
position on the silicon film in the laser crystallization step. 

Therefore, a positional variation, i.e., variations in 
characteristics occur in thin-film transistors that are produced from the 
above silicon film, and the threshold voltage V th varies from one thin- 
film transistor to another in the range of V thL to V thH depending on the 
position X on the X-axis (see Fig. 8). The threshold voltage V th has a 
small value at a position where laser beams overlap with each other, 
and has a large value where they do not. As a result, there occurs a 
variation in magnitude of output voltages of the source followers, which 
directly results in a variation of application voltages to the liquid crystal 
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device. 

Fig. 11 shows an application voltage vs. transmittance 
characteristic of a normally-white liquid crystal device. It is understood 
that a variation AV th of the threshold voltage V th causes a corresponding 
variation of the transmittance, which is reflected in a displayed image. 

As described above, the output voltages of the source drive 
circuit undesirably vary depending on positions thereof, resulting in 
display unevenness of pixels of the active matrix type display device. 

.STTTvfMARY TVTF. INVENTION 
An object of the present invention is to reduce display 
unevenness of pixels in an active matrix type display device. 

In contrast to the conventional device in which a single 
analog buffer is provided for a data holding control signal for each data 
line, the present invention is characterized in that a data holding control 
signal is connected with a plurality of source followers that are 
connected together in parallel. Further, in accordance with a preferred 
embodiment of the present invention, the parallel-connected source 
followers are a combination of at least one source follower that is 
irradiated with laser light and at least one source follower that is 
irradiated twice for crystallization. 

A width L of the laser light illumination for crystallization is 
preferably larger than a pitch d of the source followers, and is equal to 
the pitch d multiplied by an integer n that is not less than 3. Further, 
the invention is characterized in that 2 to n-1 source followers are 
connected together in parallel. A variation of the threshold voltage of 
thin-film transistors can be suppressed by combining source followers 
that are illuminated at different numbers of times. 
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Although the pitch of the source followers and the width of 
laser light illumination have been mentioned above, the term "pitch of 
the source followers" may be replaced by another term "pitch of pixels" 
because they are equal to each other in general. 

RRTFF DHSCPTPTTON OF TWF OR A WINGS 

Fig. 1 v/i circuit diagram showing analog buffers of an active 
matrix type display device according to a first embodiment of the 

present invention; 

Fig. circuit diagram showing analog buffers of an active 

matrix type display device, according to a second embodiment of the 



invention; 

p; a 3 is a circuit diagram showing analog buffers of an active 
matrix type display device according to a third embodiment of the 

y 

invention; 

Fig. 4 is a circuit diagram showing analog buffers of an active 
matrix type display device according to a fourth embodiment of the 

invention; ^ 

Fig. 5 U a circuit diagram showing analog buffers of an active 

matrix type display device according to a - fifth embodiment of the 

invention; y ,,*■< 

Figs. 6A and 6B are circuit diagrams showing examples of 
analog buffers used in a .conventional. .active matrix type display device; 

Fi* s 7A'' and 7B '""schematically illustrate laser light 
illumination in a conventional analog buffer manufacturing step; 

Fig. y*fa graph showing a relationship between the 
threshold voUage V th of thin-film transistors used in the conventional 
analog buffers and the laser light illumination position X in a thin-film 
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transistor manufacturing process; 

Fio. Schematically shows the conventional active matrix 

type display device; 

Figs. 10A-10-F"^shows a manufacturing process of a 

complementary inverter circuit; and 

Fig. /(C is a graph showing an application voltage vs. 
transmittance characteristic of a normally-white liquid crystal device. 
nRSrRTPTION OF THE PRF.FF.RRED EMBODIM ENTS 

First, referring to Fig. 10A-10F. a description will be made 
with respect to a manufacturing process of thin-film transistors used in 

the present invention. 

A complementary inverter circuit will be described by way 
of embodiment. A silicon dioxide film of 1,000-3,000 A in thickness was 
formed as an undercoat oxide film on a glass substrate (low-alkali glass, 
quartz glass, or the like; for instance Corning 7059) by sputtering in an 
oxygen atmosphere. To improve the productivity, there may be used a 
film obtained by decomposing and depositing TEOS by plasma CVD. 

Then, an amorphous silicon film was deposited at a thickness 
of 300-5,000 A, preferably 500-1,000 A by plasma CVD or LPCVD, and 
crystallized by being left in a reducing atmosphere of 550°C to 600°C for 
4-48 hours. The degree of crystallization was increased by performing 
laser light illumination (wavelength: 308 or 248 nm) after the above 
step. The silicon film thus crystallized was patterned into island-like 
regions 1 and 2. A silicon dioxide film 3 of 700-1,500 A in thickness 
was formed thereon by sputtering. 

Subsequently, a film of aluminum (containing Si of 1 wt% or 
Sc of 0.1-0.3 wt%) of 1,000 A to 3 nm was formed by electron beam 



evaporation or sputtering. A photoresist (for instance. OFPR800/30cp 
produced by Tokyo Ohka Kogyo Co.. Ltd.) was then formed by spin 
coating. Formation of an aluminum oxide film of 100-1.000 A in 
thickness by anodic oxidation before the formation of the photoresist 
was effective in providing good adhesiveness with the photoresist and in 
forming a porous anodic oxide film only on the side faces in a 
subsequent anodic oxidation step by suppressing a leak current from the 
photoresist. The photoresist and the aluminum film were patterned, i.e.. 
etched together to form gate electrodes 4 and 5 and mask films 6 and 7 
(see Fig. 10A). 

Anodic oxidation was performed on the resulting structure 
by supplying it with a current in an electrolyte, to form anodic oxide 
films 8 and 9 of 3,000-6,000 A, for instance, 5,000 A in thickness. The 
anodic oxidation may be performed such that a 3% to 20% acid aqueous 
solution of citric acid, oxalic acid, phosphoric acid, chromic acid, sulfuric 
acid, or the like is used and a constant voltage of 10-30 V is applied to 
the gate electrodes. In this embodiment, the anodic oxidation was 
performed for 20-40 minutes in oxalic acid of 30°C by applying a 
voltage of 10 V. The thickness of the anodic oxide films 8 and 9 was 
controlled by the anodic oxidation time (see Fig. 10B). 

After removing the mask films 6 and 7, the gate electrodes 4 
and 5 were again supplied with a current in an electrolyte. An ethylene 
alycol solution containing tartaric acid, boric acid and nitric acid (3% to 
10% in total) was used this time. A superior oxide film was obtained 
when the temperature of the solution was about 10°C, i.e., lower than 
the room temperature. As a result, barrier type anodic oxide films 10 
and 11 were formed on the top and side faces of the gate electrodes 4 
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and 5. The thickness of the anodic oxide films 10 and 11 was 
pro P 6rtional to the application voltage. For instance, a 2.000-A-thick 
anodic oxide film was formed with an application voltage of 150 V. The 
thickness of the anodic oxide films 10 and 11 was determined by ^a 
necessary offset. It is preferred that the thickness be less than 3,000 A, 
because a high voltage of more than 250 V is needed to produce an 
anodic oxide film thicker than 3,000 A and will cause adverse effects on 
characteristics of the thin-film transistors. In this embodiment, the 
voltage was increased to 80-150 V, and a proper voltage was selected 
depending on a necessary thickness of the anodic oxide films 10 and 11. 

It should be noted that the barrier-type anodic oxide films 
10 and 11 were formed between the porous anodic oxide films 8 and 9 
and the gate electrodes 4 and 5 rather than outside the porous anodic 
oxide films 8 and 9, though the step of forming the barrier-type anodic 
oxide films 10 and 11 was performed later. 

Then, the insulating film 3 was etched by dry etching (or wet 
etching). The etching depth may be determined arbitrarily; that is, the 
etching may be performed until the underlying active layers 1 and 2 are 
exposed or may stopped halfway. In terms of the productivity, yield 
and uniformness, it is desirable that the etching be performed until 
reaching the active layers 1 and 2. In this case, insulating films 12 and 
13 having the original thickness are left in the portions of the insulating 
film (gate insulating film 3) covered with the anodic oxide films 8 and 9 
or the gate electrodes 4 and 5 (see Fig. 10C). 

Then, the anodic oxide films 8 and 9 were removed. It is 
preferred that the etchant be a phosphoric acid type solution, for 
instance, a mixed acid of phosphoric acid, acetic acid and nitric acid. 



With a phosphoric acid type etchant, the porous anodic oxide films 8 and 
•9 are etched at a rate that is more than 10 times faster than the barrier- 
type anodic oxide films 10 and 11. Therefore, substantially the barrier- 
type anodic oxide films 10 and 11 are not etched with a phosphoric acid 
type etchant. Thus, the gate electrodes inside the barrier-type anodic 

oxide films were protected. 

Sources and drains were formed by implanting accelerated 
N-type or P-type impurity ions into the active layers 1 and 2 of the 
above structure. More specifically, first, with the left-hand thin-film 
transistor region covered with a mask 14, phosphorus ions of relatively 
low speed (typical acceleration voltage: 5-30 kV) were introduced by ion 
doping. In this embodiment, the acceleration voltage was set at 20 kV. 
Phosphine (PH 3 ) was used as a doping gas. The dose was 5 x 1014 to 5 x 
1015 cm-2. In this step, phosphorus ions cannot penetrate the insulating 
film 13, they were implanted into only the portions of the active region 
2 whose surfaces were exposed, to form a drain 15 and a source 16 of 
the N-channel thin-film transistor (see Fig. 10D). 

Subsequently, phosphorus ions of relatively high speed 
(typical acceleration voltage: 60-120 kV) were introduced also by ion 
doping. In this embodiment, the acceleration voltage was 90 kV, and 
the dose was 1 x 1013 to 5 x 1014 C m-2. In this step, phosphorus ions 
penetrate the insulating film 13 to reach the underlying portions. 
However, due to the small dose, low-concentration N-channel regions 17 

and 18 were formed (see Fig. 10E). 

After completion of the phosphorus doping, the mask 14 was 

removed. In a manner similar to the above, a source 19, a drain 20, and 

low-concentration P-type regions 21 and 22 were formed in the P- 
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channel thin-film transistor region with the N-channel thin-film 
■transistor region masked this time. Impurity ions introduced into the 
active regions 1 and 2 were activated by illumination with KrF excimer 
laser light (wavelength: 248 nm; pulse width: 20 nsec). 

Finally, a silicon dioxide film of 3,000-6,000 A in thickness 
was formed over the entire surface as an interlayer insulating film 23 
by CVD. After contact holes for the sources and drains of the thin-film 
transistors were formed, aluminum wiring lines and electrodes 24-26 
were formed. Further, hydrogen annealing was performed at 200°C to 
400°C. Thus, a complementary inverter circuit using the thin T film 

transistors was completed (see Fig. 10F). 

Although the above description is directed to the inverter 
circuit, other circuits can be manufactured in similar manners. Further, 
although the above description is directed to the coplanar thin-film 
transistors, it can be applied to other types of thin-film transistors such 
as inverse-stagger type ones. 

Embodiments of the invention will be described below. 

Fig. 1 shows a first embodiment of the invention. In this 
embodiment, source followers are arranged at a pitch d, and the laser 
light illumination width L is equal to 3d. Two source followers are 
connected to each other in parallel. Representing a source follower 
matrix by (1, m), the laser light is first applied to source followers (g. _q), 

(p+i. q). (p+2. q>.<p. ( p +1 - q+1) ' and (p+2 ' q+1) ' 

The laser light is then moved so as to illuminate source 
followers ( P+ 2, q). (p+3. q). (P+4. q). Cp+2. q+D. (P+3. q+D. and (p + 4, q + l). 

Actually, after the first laser irradiation, the substrate mounted on a X- 
Y table is moved and then the second irradiation is carried out. 
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Further, a next laser irradiation is carried out onto the source 
followers (p+4. q). (P+5, q). (p+6, q). (p+4, q+D, (P+5. q+D, ^ d (P+ 6 - 1 +1 >. 

In the above manner, the source followers (p, q), (p, q+D, 
(p+2. q), (p+2, q+D. (p+4. q), (p+4. q+D. (P +6 « q) and CP +6 « « +1 > are 
illuminated twice with the laser light. thus, they have the threshold 
voltage V thL in view of Fig. 8. 

On the other hand, the source followers (p+1, q). (p+1. q +1 ). 
(p+3, q), (p+3, q+D. (p+5. q). and (p+5, q+D are illuminated only once 
with the laser light. Thus, they have the threshold voltage V thH - 

By connecting to each other in parallel the source followers 
(p, q) and (p+1, q), the source followers (p+2, q) and (p+3, q), the source 
followers (p+4, q) and (p+5, q), the source followers (p+1, q+D and (p+2, 
.q+1). -and the source followers (p+3, q+D and (p+4, q+D as shown in Fig. 
1. the characteristics of the source followers are averaged, so that 
variations in the characteristics caused by the laser illumination can be 
reduced. In other words, in each combined source followers, one source 
follower has a higher crystallinity TFT while the other one has a lower 

crystallinity TFT. 

Fig. 2 shows a second embodiment of the invention. In this 
embodiment, source followers are arranged at a pitch d, and the laser 
light illumination width L is equal to 4d. Three source followers are 
connected together in parallel. 

The laser light is first applied to source followers (p. q), (p+1, 

q), (P+2, q), (P+3. q), (p. q+D- (P+L W> <P +2 ' * +1) > ( ? +3 » q+1) ' (P " q+2> ' 
(p+1, q+2). (p+2, q+2) and (p+3, q+2). 

The laser light is then moved so as to illuminate source 

followers (p+3, q). (p+4, q). (p+5. q). (p+6. q). (p+3, q+D, (p+4. q+D, (p+5. 
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q+1), (P+6, q+1), (p+3. q+2), (p+4, q+2), (p+5. q+2) and (p+6, q+2). 

Since the source followers (p, q), (p. q+D. (P« q+2). (P+3. q). 
(p+3, q+1), (P+3. q+2), (p+6. q). (p+6. q+1) and (p+6, q+2) are illuminated 
twice with the laser light, they have the threshold voltage V thL (see Fig. 

8). 

Since the source followers (p+1. q). (p+2. q). (P+L q+D, (p+2. 
q+1), (P+1, q+2), (P+2, q+2), (p+4, q). (p+5. q). (P+4, q+D. (P+5. q+D- <P+ 4 ' 
q+2) and (p+5. q+2) are illuminated only once with the laser light, they 
have the threshold voltage V thH (see Fig. 8). 

By connecting together in parallel the source followers (p. q), 
(p+1, q) and (p+2. q). the source followers (p+3, q), (p+4, q) and (p+5. q). 
the source followers (p+1, q+D, (P+2. q+D and (p+3. q+D, the source 
followers (p+4. q+1), (p+5, q+D and (p+6. q+1), and the source followers 
(p+2, q+2), (p+3, q+2) and (p+4, q+2), respectively, as shown in Fig. 2, one 
of the three source followers of each combination is illuminated twice 
with the laser light and the other two source followers are illuminated 
only once. By combining the source followers in the above manner, the 
source followers of every set are made uniform, so that variations in the 
characteristics caused by the laser illumination can be eliminated. 

Fig. 3 shows a third embodiment of the invention. In this 
embodiment, source followers are arranged at a pitch d, and the laser 
light illumination width L is equal to 4d. Two source followers are 
connected in parallel to form one analog buffer where one source 
follower of an adjacent buffer is located between the two. 

The laser light is first applied to source followers (p. q). (p+1. 
q), (P+2. q). (P+3, q). (p. q+D. (p+L q+D- (P+ 2 > 4 +1 > (p+3. q+D- 

The laser light is then moved so as to illuminate source 
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followers (p + 3. q). (p+4. q). (P+*. <$> <P +6 ' <P +3 ' q+1) ' (P+4 ' q+1) ' (P+5 ' 
q+1) and (p+6, q+1). 

Since the source followers (p, q). (p. q+D. (P +3 > <0* (P +3 « 
(p+6, q) and (p+6, q+1) are illuminated twice with the laser light, they 
have the threshold voltage V lhL (see Fig. 8). 

Since the source followers (p+1, q), (p+2, q). (p+1. q +1 )> <P +2 > 
q+1), (P+4, q). (p+5, q). (p+4. q+D and (p+5, q+1) are illuminated only 
once with the laser light, they have the threshold voltage V thH (see Fig. 

8). 

By connecting to each other in parallel the source followers 
(p. q) and (p+2, q), the source followers (p+1, q) and (p+3, q), the source 
followers (p+4, q) and (p+6, q), the source followers (p, q+D and (p+2, 
q+1). the source followers (p+1, q+D and (p+3, q+D, and the source 
followers (p+4, q+1) and (p+6. q+1) as shown in Fig. 3, one of the two 
source followers of each combination is illuminated twice with the laser 
light and the other source follower is illuminated only once. By 
combining the source followers in the above manner, the source 
followers of every set are made uniform, so that variations in the 
characteristics caused by the laser illumination can be eliminated. 

Fig. 4 shows a fourth embodiment of the invention. In this 
embodiment, source followers are arranged at a pitch d. and the laser 
light illumination width L is equal to 4d. Two source followers that are 
located in an oblique direction are connected to each other in parallel. 

The laser light is first applied to source followers (p. q). (p+1. 

q), (p+2. q). (P+3, q). (p. q+D. (P+L W> (P +2 « q+1 > and ( ? +3 ' q+1) " 

The laser light is then moved so as to illuminate source 

followers (p+3, q), (p+4. q). (p+5, q). (p+6. q). (p+3. q+1). (p+4. q+D. (p+5. 
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q+1) and (p+6, q+1). 

By connecting to each other in parallel the source followers 

(p, q) and (p+1, q+1). the source followers (p+1, q) and (p+2, q+1), the 

source followers (p+2, q) and (p+3, q+1), the source followers (p+3, q) 

and (p+4, q+1), the source followers (p+4, q) and (p+5. q+1), and the 

source followers (p+5, q) and (p+6, q+1) as shown in Fig. 4, the 

characteristics of the source followers are averaged, so that variations in 

the characteristics caused by the laser illumination can be reduced. 

Fig. 5 shows a fifth embodiment of the invention. In this 
embodiment, source followers are arranged at a pitch d, and the laser 
light illumination width L is equal to 4d. Three source followers located 
in an oblique direction are connected together in parallel. 

The laser light is first applied to source followers (p, q), (p+1, 
q), (p+2, q), (p+3, q). (p, q+D. (p+1. q+D. (P +2 > 1 +1 >> <P +3 ' (p * q+2) * 

(p+1, q+2), (p+2, q+2) and (p+3, q+2). 

The laser light is then moved so as to illuminate source 
followers (p+3, q), (p+4, q), (p+5, q), (p+6, q). (p+3, q+D, (p+4. q+D, (P+5. 
q+D, (P+6, q+D, (P+3, q+2), (p+4, q+2), (p+5, q+2) and (p+6, q+2). 

Since the source followers (p, q), (p, q+D, (p. q+ 2 ), (P +3 » <0> 
(p+3, q+1), (p+3, q+2), (p+6, q), (p+6, q+1) and (p+6, q+2) are illuminated 
twice with the laser light, they have the threshold voltage V lhL (see Fig. 
8). 

Since the source followers (p+1, q), (p+2, q), (P+D q +1 >, (P+ 2 > 
q+D, (p+1. q+2), (P+2, q+2), (p+4. q). (p+5. q). (p+4. q+D. (p+5. q+D, (p+4. 
q+2) and (p+5, q+2) are illuminated only once with the laser light, they 
have the threshold voltage V thH (see Fig. 8). 

By connecting together in parallel the source followers (p, q), 
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(p+1, q+1) and (p+2, q+2), the source followers (p+1, q), (p+2, q+D and 
(p+3! q+2), the source followers (p+2, q), (p+3. q+D and (p+4, q+2), the 
source followers (p+3. q). (p+4. q+1) and (p+5, q+2), and the source 
followers (p+4, q 

). (P+5, q+1) and (p+6, q+2) as shown in Fig. 5, one of the three source 
followers of each combination is illuminated twice with the laser light 
and the other two source followers are illuminated only once. By 
combining the source followers in the above manner, the source 
followers of every set are made uniform, so that variations in the 
characteristics caused by the laser illumination can be eliminated. 

As described above, by connecting in parallel the source 
followers that use thin-film transistors, the invention can suppress a 
variation of the threshold voltage V th due to overlapping of laser light 
illumination areas, to thereby reduce display unevenness of pixels. 

While preferred embodiments of the present invention has 
been described, it is to be understood that the present invention should 
not be limited to those specific embodiments. Various modifications 
may be made by those ordinary skilled in the art. For example, it is 
possible to replace the source followers with other elements having an 
equivalent function, for example, op amp. 
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